The Boehringer one-component high-performance cholesterol oxidase reagent has been modified by the inclusion of 2,4,6-tribromo-3-hydroxybenzoic acid (TBHBA) to give a fourfold increase in sensitivity to a molar absorbance of = 29 000 with respect to cholesterol. The resulting reagent system is particularly suitable for the determination of plasma HDL-cholesterol for which a reagent of high sensitivity is required. A simple method of bromination avoiding the use of elemental bromine is used to prepare TBHBA. The modified reagent system has been found to have good within-and between-batch precision and has shown itself to be reliable and trouble-free.
The Boehringer monotest cholesterol (highperformance) reagent! has been found to be an excellent system for the determination of total serum/plasma cholesterol in our laboratories. The results using this reagent give very good correlation with the iso-octane extraction method." which we have used as the reference procedure, and the means for both methods are almost identical. The reagent gives a stoichiometric yield of hydrogen peroxide for serum/plasma cholesterol, and the yield of quinone-imine dye in the HzOz-4-aminophenazone-peroxidase reaction is also quantitative. The same reagent has been used for the determination of HDL-cholesterol, but the sensitivity of the method using the recommended 1:101 dilution is inadequate in dealing with HDL-cholesterol levels which may be less than one-fifth of the total cholesterol concentration. The Boehringer reagent uses a phenoI/4-aminophenazone/peroxidase system with cholesterol oxidase and cholesterol esterase to determine the hydrogen peroxide which is the end-product of the reaction of these enzymes with plasma free and ester cholesterol. A combination of phenol and 2,4-dichlorophenol produces a stable, one-solution reagent which gives a molar absorbance of approxi-Correspondence: D. Webster 430 mately 7400 with respect to HzO z or cholesterol. Usinga l :10\ dilution, an HDL-cholesterol level of \·5 mmol/L gives an absorbance of 0·098 allowing for a dilution of I: \·\25 in the preparation of the sample prior to analysis. It is desirable to have absorbances in the region of 0·4 in this reaction since this is the absorbance level. at which the relative photometric error is least." A higher absorbance can be achieved by using a smaller dilution or by increasing the sensitivity of the reaction. We have found that decreasing the dilution has the effect of producing lower HDL-cholesterol results than are obtained with the recommended I: IIII dilution. Increasing the sensitivity would have the advantage of reducing the plasma blank caused by turbidity or by interfering coloured substances. For the determination of HDL-cholesterol in the normally encountered range of 0·5-2·5 mmol/L, a reaction product having a molar absorbance of approximately 3D OOD with respect to cholesterol would be satisfactory.
In phenol/4-aminophenazone/H~O~/peroxi dase systems the molar absorbance of the dye produced depends upon the particular phenol used. Phenol (hydroxybenzene) gives a molar absorbance of 6()(XI at 505 nm with respect to HzO z or cholesterol. The quinone-imine dye has a molar absorbance of 12 OOD hut 2 mol of HzO~are used to produce I mol of dye. 4 mol of water being formed. If phenol is substituted in the 4-position, the same dye is produced but hydrogen halide is eliminated and I mol of H 2 0 2 produces I mol of dye with the formation of 2 mol of water ( Fig. I) . This increases the molar absorbance of the dye with respect to H 2 0 2 or cholesterol to 12 000. By substituting the phenol molecule with auxochromes it is possible further to increase the molar absorbance of the quinone-imine dye produced-an SO,H group increases the molar absorbance by x 1·5, a -COOH group by x 1·45 and a halogen by x 1·3. Thus 2,4,6-tribromo-3-hydroxybenzoic acid (TBHBA) gives a molar absorbance of approximately (6000)(2)(1·45)(1·3f, i.e. 29400. It occurred to us that adding TBHBA to the Boehringer monotest cholesterol reagent might increase its sensitivity and in fact dissolving TBHBA in the reagent at a concentration of 0·5 g/IOO mL increases the molar absorbance to 28 500-29 500.
TBHBA is not available commercially but it is easily synthesised by bromination of 3-hydroxybenzoic acid; a method of preparation is described which avoids the use of elemental bromine.
Materials and methods

REAGENTS
Use Analar quality reagents where these are available. Allow to cool to 60°C and add 33·4 g (0·2 mol) of potassium bromate dissolved in 600 mL distilled water. Add the bromate in a steady stream, swirling the contents of the flask to ensure efficient mixing. A copious precipitate of TBHBA separates out on standing. Cool and store the mixture at 4°C overnight. Filter by suction through a 9 em Buchner funnel using Whatman No. 1 filter paper into a 2-litre Buchner flask and suck dry. Wash the cake of TBHBA with 4 x 50 mL of ice-cold distilled water. Suck dry between each wash and finally press the cake between filter paper circles to remove excess water. Dry at 37°C overnight. Yield: 64-68 g of cream-coloured product (85-91 % of theoretical yield). 
Colour reagent
Dissolve solid TBHBA in the above reagent to Plasma HDL-cholesterol (mmol/L) = give a final concentration of 0·5% MIV. Prepare only sufficient solution for the batch of tests being analysed and discard any unused reagent.
Absorbance T
Absorbance S
Cholesterol standard
We have used Boehringer Mannheim Preciset high-performance cholesterol standards, 1·29 and 2·58 mmollL (Cat. No. 709905). These standards behave as aqueous standards and can be dispensed by Eppendorf-type pipettes, by plunger displacement pipettes and by automatic diluting pipettes. They do not have the disadvantages of cholesterol standards containing propanol or other organic solvents which do not always behave like plasma with some dispensing systems.
where Y = dilution factor introduced during sample preparation. Using the precipitating procedure described above the dilution factor is 1·125. The absorbance of the developed colour is stable for at least 30 min and the absorbance readings are linear in the range 0·1--0·7 equivalent to HDL-cholesterollevels of 0·4-2·8 mmoll L. The absorbance of the 1·29 rnrnol/L standard, equivalent to an HDL-cholesterollevel of 1'15 mmol/L is =0·36. Data for standard solutions of cholesterol using this procedure are shown in Table 1 . New reagent for HDL-cholesterol assay 433 cholesterol oxidase reagents was restricted to the Boehringer high-performance onecomponent system which was in routine use in Sunderland and Worcester and which was known to be a very satisfactory reagent for the determination of plasma cholesterol. Other commercial preparations may be equally satisfactory and analysts using such reagents are recommended to investigate this possibility. these results indicate satisfactory performance by the proposed method, which has been in routine use for 6 months and has shown itself to be reliable and trouble-free.
Results
Discussion
The addition of TBHBA to commercial
